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RNA interference (RNAi) allows for
rapid and straightforward analysis
of gene function. RNAi can be
applied with special ease in
Caenorhabditis elegans where
injection of dsRNA into the body
cavity or application of dsRNA via
ingestion leads to gene
inactivation in offspring embryos
[1,2]. This parental RNAi effect
made possible efficient genome-
wide functional screens in this
organism [3]. Here we show for
the flour beetle Tribolium
castaneum that injection of double
stranded RNA (dsRNA) into the
mother’s haemocoel results in
knock down of zygotic genes in
offspring embryos (‘parental
RNAi’). This suggests that transfer
across cell boundaries is an
ancient feature of the RNAi
pathway, and opens up new
applications in functional
genomics and in the study of
developmental evolution.
We tested parental RNAi in
Tribolium for two genes of known
function, the leg gene Distalless
(Tc’Dll) [4] and the homeotic gene
maxillopedia (mxp), a Tribolium
homologue of proboscipedia (pb)
[5]. In addition, we applied this
method to investigate the function
of a newly isolated segmentation
gene, the Tribolium giant
homologue (Tc’gt). For injection,
female Tribolium pupae were
affixed to microscope slides with a
drop of rubber cement (Fixogum,
Marabu) at their posterior
abdomen. Using a simple
micromanipulator setup,
approximately 0.15 µl of 
dsRNA solution (0.2–2 mg/ml in
injection buffer [1]) were injected
per pupa, at a ventro-lateral
position between abdominal
segments 3 and 4. After
completion of metamorphosis,
these females were mated to
untreated males, and eggs were
harvested in weekly time intervals.
For all three genes, nearly all
offspring larvae (665 of 669)
displayed gene specific
phenotypes one week after
injection. Buffer injected females
and dsRNA injected males gave
rise to normal offspring. For Tc’Dll
and mxp, the phenotypes obtained
by parental RNAi (Figure 1B,C,E)
were similar to those of partial or
complete loss of function mutants
[4,5]. This shows that parental
RNAi faithfully reproduces
reduction or inactivation of gene
function in Tribolium. As neither
Tc’Dll nor mxp are maternally
provided, it is evident that parental
RNAi can knockdown zygotic gene
expression in offspring embryos.
In the case of Tc’giant, parental
RNAi phenotypes were obtained
similar to those generated by
injecting embryos with dsRNA or
with morpholino oligonucleotides
designed to inhibit translation of
Tc’giant mRNA (not shown). The
congruence of these data also
shows that the observed parental
Tc’gt phenotype is a gene-specific
effect.
Parental RNAi is highly efficient
in Tribolium: in all three
experiments nearly 100% of
embryos in the first egglays after
injection had RNAi phenotypes
(Figure 2A). In subsequent
egglays, the portion of embryos
exhibiting phenotypes declined,
as did the strength of phenotype
expression (Figure 2A,B). This
gradual loss of RNAi activity may
reflect continuous depletion of
introduced dsRNA.The fecundity
of injected females (dsRNA or
buffer only) was reduced by 
about 50% relative to untreated
animals, but still yielded ample
material for developmental
analysis (Figure 2C). Over 90% of
injected pupae survived the
treatment, which is in contrast to
embryonic RNAi experiments, or
embryonic morpholino
experiments, where only 20–40%
of injected eggs completed
development and differentiated a
cuticle.
The mechanism by which
dsRNA, or some processed form
of it, enters the oocytes is not
clear. We consider mechanical
damage of ovaries during injection
unlikely to be responsible as
pupae were injected unilaterally,
and the high frequency of 
RNAi phenotypes shows that
oocytes in both ovaries are
similarly affected. To see if
Tribolium ovaries have an
unspecific import propensity, 
we injected morpholino
oligonucleotides into pupae. No
offspring displayed a Tc’gt
phenotype, arguing that these
modified nucleic acids do not
enter oocytes in significant
amounts. We speculate that either
a specific cellular uptake
mechanism for dsRNA, or
secondary amplification of small
amounts of incidentally
Figure 1. Tribolium beetles injected as
pupae with dsRNA produce offspring
displaying gene specific phenotypes.
(A) Wild type, first instar larva.
(B,C) Parental RNAi for Tc’Dll results in
truncated legs (arrowheads) and head
appendages; embryos with (B) an
intermediate and (C) a strong
phenotype are shown. (D) Ventral view
of wild-type head. Maxillary and labial
palps are shown by stars and
arrowheads respectively. (E) Parentally
induced phenocopy of mxp (=Tc’pb):
maxillary and labial palps are
transformed to legs.
incorporated dsRNA, could
underlie the parental RNAi
phenomenon.
Tribolium is not the only animal
outside nematodes where
parental RNAi has been 
observed: Arendt and Wittbrodt
(personal communication) recently
found that parental RNAi also acts
in the polychaete worm
Platynereis dumerilii. Together,
these findings suggest that
transmission across cell
membranes is a conserved
feature of the RNAi response and
parental RNAi may function in
many metazoan taxa. Parental
RNAi greatly facilitates the
analysis of gene function as large
numbers of RNAi embryos can be
readily obtained and analysed
using standard histochemical
procedures. This is a significant
improvement even for species
where embryonic RNAi is already
available, but is a crucial step
forward for many non-model
system species whose eggs 
are not accessible or do not
survive microinjection. Parental
RNAi should allow for large-scale
RNAi screens in many additional
animal species, and will greatly
facilitate functional approaches 
in the burgeoning field of
evolutionary developmental
biology.
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Figure 2. Time course of parental RNAi efficacy.
(A) Relative frequency of offspring embryos displaying RNAi effects at different time
points after their mother was injected with dsRNA. For the three genes tested, nearly
all embryos displayed specific embryonic defects one week after injection. During
subsequent weeks the percentage of embryos with knockdown phenotypes declined
continually. (B) The strength of RNAi phenotypes decreases with time. Strong
phenotypes were defined by loss of femur, tibia and claw, intermediate phenotypes
by loss of tibia and claw, and weak phenotypes by fusion of femur and tibia. Note that
only embryos deviating from wild type are represented. (C) Number of offspring
obtained from females which were either uninjected, injected with buffer alone or
injected with different dsRNA solutions (concentrations as in (A)). Each time point
represents the number of larvae produced by 30 females in a 3 day interval (only eggs
were counted that completed development, i.e. differentiated a larval cuticle).
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